Introduction {#sec1-1}
============

Bacterial endophthalmitis is one of the most serious complications following intraocular operation like cataract surgery. The most common micro-organisms involved in endophthalmitis are either Gram-positive (e.g., *Staphylococcus epidermidis*, *Staphylococcus aureus*, *Streptococci*, *Propionibacterium acnes*) or Gram-negative (*Pseudomonas aeruginosa*, *Haemophilus influenzae*, and *Serratia marcescens*) bacteria.\[[@ref1][@ref2]\] Systemically administered antibiotics have to penetrate the existing blood-ocular barriers to reach levels in the anterior chamber much higher than the minimal inhibitory concentrations (MICs) in order to eliminate the micro-organisms potentially. Second and third generation systemic fluoroquinolones have been found to have significant penetration into aqueous humor and less so into the vitreous body, with concentrations usually exceeding MICs of pathogens implicated in intraocular infections.\[[@ref3][@ref4]\] Due to disadvantages of systemic routes, the topical ophthalmic preparations of fluoroquinolones were developed to achieve required concentration of drugs in aqueous humor for prevention of endophthalmitis. Moxifloxacin is a new fourth generation fluoroquinolone with a broad spectrum of activity.\[[@ref5]\] It has been found to be the most potent fluoroquinolone for Gram-positive bacteria including methicillin resistant *S. aureus* and ciprofloxacin resistant *S. aureus* and equally potent as other fluoroquinolones against Gram-negative bacteria.\[[@ref1]\] Central nervous system stimulating effect of some fluoroquinolones may be enhanced with co-administration of non-steroidal anti-inflammatory drugs (NSAIDs), resulting in neuroexcitation and/or seizures; but this effect has not been observed with moxifloxacin.\[[@ref5]\] Flurbiprofen a NSAID, is used topically (eye drop) to maintain intraoperative mydriasis\[[@ref6]\] and to prevent cystoid macular edema (CME),\[[@ref7]\] pain and inflammation\[[@ref8]\] following ophthalmological surgeries. With this knowledge a clinical study was designed to measure and evaluate the concentrations of topical moxifloxacin, used alone or with topical flurbiprofen, in the aqueous humor as well as in the blood simultaneously, collected just before cataract surgery.

Materials and Methods {#sec1-2}
=====================

This was a prospective, parallel, randomized, unicentric study carried out at Department of Pharmacology and Ophthalmology. For this study, patients undergoing routine cataract surgery in the Department of Ophthalmology were included. The protocol was approved by the Institutional Ethics Committee beforehand. After screening the patients per inclusion and exclusion criteria, 50 patients were randomly selected by the computer generated random number and the written informal consent were obtained from each of them. Individual case record form (CRF) was properly filled up from out-patient ticket and by interrogation of the patients. The patients include were above 40 years of age, undergoing cataract surgery and otherwise healthy. Patients with evidence of intraocular inflammation, hepatic or renal failure, or history of allergic reactions to fluoroquinolones, oral or topical antibiotic treatment for at least the preceding 2 weeks and previous operation in that eye were excluded. Patients were divided into two groups, each comprised of 25 patients. Group-1 patients received moxifloxacin eye drop (0.5%): One drop 6 times daily for 3 days before surgery and one drop 4 times on the day of surgery. Group-2 patients received moxifloxacin eye drop as in Group-1 and flurbiprofen eye drop (0.03%): One drop 4 times daily for 3 days before and on the day of surgery. Interval between topical moxifloxacin and flurbiprofen was 30 min for last 3 days and 15 min on the day of surgery. Last dose was administered 1 h before aqueous humor and blood sampling. Participants were scheduled to have extracapsular cataract extraction. While the patient was being prepared for operation after peribulbar anesthesia, 5 ml of blood was collected. At the initial stage of operation, 0.1 ml of aqueous humor was aspirated from the anterior chamber through a partial thickness limbal incision. Blood samples were centrifuged immediately afterwards for the separation of plasma. Then 0.5 ml of plasma was mixed with 1.5 ml of high performance liquid chromatography (HPLC) grade methanol (preservative) and 0.1 ml of aqueous humor was mixed with 0.5 ml of HPLC grade methanol. Both samples were stored at 2-8°C\[[@ref9]\] and then transferred immediately with maintaining this temperature for analysis of drug by using HPLC according to method of Teja-Isavadharm *et al*.\[[@ref10]\] with some modifications. The mobile phase consisted of 0.1 M phosphoric acid adjusted to pH 2.5 with a solution of 45% potassium hydroxide and acetonitrile mixed in a ratio of 70:30 (v/v). The flow rate of mobile phase was 1.2 mL/min and the eluent was monitored with diode array detector adjusted wavelength at 290 nm. This mixture was subjected to membrane filtration. Standard and sample (20 ml) were injected by Hamilton syringe into the injector port of liquid chromatograph. The residues were estimated after comparing with external standard.

Calibration {#sec1-3}
===========

A stock solution of 100 ppm of analytical grade moxifloxacin was prepared in methanol as standard. The moxifloxacin concentration in plasma and aqueous humor was calculated using the following equation:
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where *a*~1~ is the area of standard chromatogram, *a*~2~ the area of sample chromatogram, *V*~1~ the initial volume of sample before processing (ml), *V*~2~ the final volume of sample after processing (ml), and *C* is the standard concentration of moxifloxacin (100 ppm).

Statistical analysis was done by Student\'s *t*-test (unpaired) to determine the level of significance. The *P* \< 0.05 was considered as significant.

Results {#sec1-4}
=======

Total 55 subjects were screened for the study, of which 50 (90.9%) were recruited -- 25 in each group. After scrutinizing the CRF it was found that the patients of both two groups were comparable in terms of demographic \[[Table 1](#T1){ref-type="table"}\] and vital parameters \[[Table 2](#T2){ref-type="table"}\]. Mean concentration of moxifloxacin in aqueous humor and plasma in Group-1 and Group-2 patients are summarized in [Table 3](#T3){ref-type="table"} as well as depicted diagrammatically in [Figure 1](#F1){ref-type="fig"}. It was found that the moxifloxacin level in aqueous humor was 1.71 ± 0.82 mg/ml in Group-1 and 2.39 ± 1.34 mg/ml in Group-2. A significantly (*P* \< 0.05) 1.34-fold higher concentration of moxifloxacin in aqueous humor in presence of flurbiprofen of Group-2 patients was compared to patients of Group-1 (moxifloxacin alone). Interestingly, plasma concentration of moxifloxacin could not be detected in patients of Group-1 (alone) but it was detected among 12 out of 25 patients in Group-2 with a mean concentration of 0.44 ± 0.13 mg/ml (in presence of flurbiprofen).

###### 

Demographic profile of recruited subjects (Group-1 and Group-2)
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###### 

Vital parameters of recruited subjects (Group-1 and Group-2)
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###### 

Mean moxifloxacin concentration (μg/ml) in aqueous humor and plasma following topical alone and with flurbiprofen in cataract patients (mean±SD)
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Discussion {#sec1-5}
==========

The goal of the study was to determine the aqueous as well as plasma concentration of moxifloxacin applied topically alone and with topical flurbiprofen. The plasma concentration difference was also compared. Antibiotic penetration and its concentration in aqueous humor in respect of different members of fluoroquinolones have been compared in several studies.\[[@ref11]\] Few studies assessed and evaluated topical moxifloxacin concentration in aqueous humor.\[[@ref12][@ref13]\] As moxifloxacin was found to be the most potent fluoroquinolone\[[@ref1]\] and has been to have found high corneal permeability,\[[@ref14]\] it was selected for the study. No other literature has been found to study moxifloxacin concentration co-administered with flurbiprofen are not available in literature. Even adequate information is not available regarding plasma concentration of moxifloxacin after topical administration. Prophylactic moxifloxacin treatment before cataract surgery provides optimal drug concentration in aqueous humor, which reduces bacterial population on eyelids, cornea, and conjunctiva. The optimal concentration is able to prevent development of post-operative endophthalmitis following cataract surgery.\[[@ref14][@ref15]\] Topical flurbiprofen is now being used before cataract surgery to maintain intraoperative mydriasis and to prevent postoperative pain and inflammation.\[[@ref6][@ref8]\] Flurbiprofen also may prevent development of CME.\[[@ref7]\] Administration of topical agents on the day of surgery does not allow adequate exposure time; rather the agents being applied the days before surgery is more effective.\[[@ref15]\] Based on this knowledge, both the drugs were started 3 days before surgery and few hours preoperatively on the day of surgery in different dose schedule in the study. This dose schedule of both drugs is usually followed for cataract surgery in our hospital.

The result of aqueous humor concentration of moxifloxacin in Group-1 in this study is comparable with other studies in the literature.\[[@ref12][@ref13]\] The aqueous concentration of moxifloxacin was significantly (*P* \< 0.05) higher in patients of Group-2 patients as compared to those of Group-1, suggesting flurbiprofen is hastens the absorption of moxifloxacin into the aqueous humor. Further, presence of moxifloxacin in plasma of a few patients of Group-2 indicates that flurbiprofen may have some role in enhancing the penetration of moxifloxacin through aqueous-blood barrier. The mechanism of this effect is unknown and further research is warranted to evaluate this effect further.
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